
SPARK PLUG 

Background of the Invention 

1. field of the Invention 

Fj This invention relates to a spark plug. 

2. Description of the Related Art 

A sn ark plug used for ignition of an internal engine 
of such as automobiles generally comprises a metal shell 
to which a around electrode is fixed, an insulator made 
10 of alumina ceramics, and a center electrode which is 
d i s p n s e d i n s i do t h e ins u i a t o r - T h e insulator pr c j ects 

direction. A t e r in l n a 1 metal fixture i- inserted into the 
projecting part o i the insulator arid is connected to t h e 
15 center electrode via a conductive glass seal layer which 
is formed by a a 1 a s s sealing procedure or a resistor. 
A hi qh voltage is applied to the termini metal fixture 
r , o c a u s o a spark over the g d p between the ground elecLrod e 
=i n d the center electrode. 
20 iir.n-i .. :i •.• combined '":onoit;orc, r c r example, at as 




the p ri -O r -Cting insulator. Primarily for the purpose or 
avoidinq r.]a?hover, most of c o mmo n 1 y used spark plugs 
have a g ] a : a layer on the surface of the insulator. The 
g J a z e 1 a yer also serves to smoother, the insulator surta c e 

5 thereby preventing contamination and tc enhance the 
c h c m i cut or mechanical strength of the insulator. 

In the case of the alumina insulator for the spark 
plug, such a glar.e of lead silicate glass has 
conventionally been used where silicate glass is mixed 

10 with a relatively large amoun t of P b 0 to lower a softening 
point. In recent y e ai s , huwevei, with a globally 

g I a z e s c o riUininq P b have been losing acceptance. 1 n t \ i e 
diitomobile industry, tor instance, where sparkp 1. u g s f i n d 
15 a h u a e demand, at has been a subject of study to phase 

0 u t F' b g 1 a z e s in a I'uture, caking i n t o con side ratio r± t h e 
a d v • r s e influences oi w a s t e sparkplugs on t h o e n v i r o n m e n t 
A s ; j s u b s t t c t e f ^ r t h e conventional. P b glazes, for e x ample 

1 . . r - s i i ;cdLL- glass or a 1 k a 1 1 b o r o s i 1 i c a c e glass based 
\t() q .. S a v r . : <j e i . proposed .; r: J F - A - 1 i - 1 3 3 : ■ i t ■ r 



mixed with a pigment on the insulator surtace on which 
a qlc:e layer is not formed, followed by coating a glaze 
on the irerkings and baking it - In this case, the narking 
iayr : r is seen through the gla:e layer that is made 

5 transparent. For distinguishing kinds or forms of the 
spark plugs easily, the marking layer is often formed 
by changing a color per each of the kinds or forms. 

When the marking layer is formed under the glaze 
layer, a coloring metallic oxide composing a pigment in 

10 the marking layer inevitably causes reaction to a certain 
degree with convpm.nts m the g 1 a - c. layer while baking 

as the ciaze layer , a tint lnnerent in the color i rig metal ] i c 
oxide is easily maintained, and desired colors can bo 

15 constantly obtained. However, according to an 

inventor's studies, it has been found that if using a 
1 ^ .r p w v t r r o t h e a in o u n f of p b c o m p o n e n t in 1 h e glaze w a s 
controlled r o be small like a lead less glace., it w a a 
d i i i r cult to adjust ihc color in toe mat km g i a y •,; i • «• 

20 he a o - r c d ; : n " ? - 
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For acromplishinq the above object, a first 
structure of the spark plug of the invention has marking 
layer formed en a surface of an insulator and a glaze 
layer cover inq the marking layer so that the marking layer 

5 can be seen through the qlaze layer, and is characterized 
-in that the qlar.e layer contains 5 mol% or less Pb component 
in terms of PbO, and kinds and amounts of metallic element 
components contained in the marking layer are adjusted 
m such manners that tint of the marking ] ayer seen through 

10 the glaze layer is 3 or less in the brightness specified 
by J15:-e?Z, d nd 3 or less in the chroma specified by 

as 2 or less in the c h r o in a . 

Desiring the marking layer m particular to ooioi 
PS in black, it is important that when observing the marking 
layer through a reflected white light, the marking layer 
PVOn ] y ._, p o j r bg the 1 i gh t -in each wave 1 en gt h range oi 
visible spectra such that no outstanding reflection arises 
p v ! i ght s of sp^citied wavelength a r e * , a n u me I e v e i 
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Is rh^goo, otherwise the wavelength of the light 
absorption is shifted, whereby a balance of the light 
absorption for coloring the black is lost, and as a result, 
the marking layer deviates from the black and are eaSj 
5 to color an unwelcome tint. Under such conditions, when 
distinguishing kinds or types of the spark plugs by, e.g., 
colors of markings, the distinguishing will be often 
difficult. As another realistic problem, there is a case 
that tint changing in the marking layer is seen to 
10 purchasers as "unreasonable alternation in familiar 
colors in external <a p y a r a * i t , - ^ - ^ - - — - — - - - 1 

because of a resistant feeling thereto. 

Therefore, in the invention, if kinds and amounts 
15 of metallic element c omp onents contained in the ma r k i n g 
layer are adjusted m such manners that the tint of the 
r , i ^ . r .-. - , - ; . t } ; >-oi;ah the qlazs- 1 a y e r o f the Pb anion n t 
being b mo 1 % or smaller is 3 or less in the brightness 
spec i 1 i vd by J IS : Z 6 7 2 1 (l^^i) and J or less in the ohi uma , 
: ,, .M.ti^-wi?.' 4 or. in the brightness a - w^ii as .: oi 

p . r> : - r - • ■ r ... r ■ - ■-: a V ,-- v e . e % ' + *:■ ns; 1 ! y ■ ; ; ■ y< e ^ r i n <j 
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of m c a s uring the brightness and the chroma adopts the 
method specified in "4.3 A Measuring Method of Reflected 
Objects" of "4. Spectral Col onmetry" in the "AMeasurmg 
Method of Colors" of JIS-Z8?:: [1.994) . The brightness 
f> and the chroma can be known comparing the result ot 
measuring the brightness and the chroma by the above method 
with those of standard color chart prepared according 
to JIS-28721. 

As a simple method, the brightness and the chroma 
10 can be known through visual comparisons with standard 
c h a rt p r c p a rod 



me t a 1 lie element cc mponen t s contained in t he ma i km y 1 a / - • i 
may be performed in accordance with, f o r ex amp 1 e , t h e 

15 to! lowing techni e a ] concept . What contributes to 
c o - o ling in r h o marking layer is mainly s e v era! ki n d s 
of t r a n s i f l o n m f a 1 1 i c c a t i o n s (cal 1 e d as " c o 1 o i i n g 
metallic component" hereafter) ready for causing light 
a i' a >■-■ j. p "... t w n by e i c c t r o n transition, a n a it is a s s u m e u 1 1 ; a t 

20 ... : j_ n a i c < : ; o ri rq o' Lh-. m a r k i n a * a y e r is r u g h 1 y : oil a- .:"..«• d 
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the glaze layer goes down, as a result ot the inventor's 
investication, specific coloring metallic components 
such as Cr a r e easy to make changes in appearing colors 
(called as "ready discoloring metallic component" 

5 hereafter ) owmq to reaction with the glaze layer reducing 
the Fb amount. In this case, if the ready discoloring 
metallic compound is too much, only colors of hues after 
chang ina by the ready discoloring metallic compounds 
become intense, and as a whole, this fact results in 

10 intensity of deviation of the tint from the black. It 
1 ^ -}, ere ; OI ' C p <j ij i , i i) l ^ to moderate influence." in the tint 

r e .1 at: ve 1 y decreasing the amour, t o I the ready discoloring 
metallic component accompanied with curtailment of the 

1 5 Fb amount in the glaze. On the other hand , if anticipating 
what is a hue alter changing or the ready discoloring 
~ to! 1 i c c o mr o r. e nr. brouaht about by said curtailment, 
it : s possible to approach to the black the tint as the 
wh( 1 e o * t n e m a r k i n q layer b y c o mp ojniui'j , s ^ bidL t e n i n g 

20 a a i u s t mo t ( ~ r onon t , the c c i o r i na rne t a -l i i < : compon o n i 



»- .-. i. h t.- ! * * i. I 1 > v. ) t 1 1 r -c ■ i f i t_ s 



is, even in a case of the same transition metallic cation, 
some differences arise m the spectra o i light absorption 
according to the state oi its valency electron. For 
e x a mp 1 e , the colors of the transition metallic cation 
5 may variously change according to the change of its valency 
el ectron state causing by the mutual action between the 
transitional metallic cation and the ions situated 
surrounding the transition metallic cations, 
temperatures or atmosphere of baking the glaze. Such 
10 phenomena might occur, of course, m the case that other 
trans i 1 1 c r: m e t a Hi c cations are situated surrounding the 

a h s o r p t : o n , a n a a 1 s o in the c a s e that, the c a t : o n s o i typical 
m e t d 1 s s u c h as Al or Z n are situated s u r r o undina the 

l. r , transit:, on al metallic cation. In addition, the cation 
of the typical metal as the latter sometime s performs 
a s a c o lorino; a u x i 1 i a r y c onipone n t for t. hi c col o r \ n q 
a d ■ j u s t m e n t or siabiii ration . 

r"or dist i nquishing the tint el the ; ~. y o r 

20 as th- "tiao:", a measured v a 1 u e ^1 the :hi oma o 1" the 
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the black. Beino over 4 , tempoianiy even i 1 t ii e 
bnchtness 15 very small, the tint is near gray, starting 
to present an external appearance heterogeneous from the 
black. As far as being in a range where the brightness 

5 is 3 or lower, it may be distinguished as substantially 
the black until the chroma is around 3, but when the 
brightness exceeds 3, a coloring is easily sensed to th 
naked eye by a brightening amount, and therefore witl 
respect to the range where the brightness is 3 to 4, th 

10 chroma should be restrained to be 2 or lower. 

That the chroma shows not r_oro but finite values 



significance is realised. However ii is rrmnct be 
confirmed that the chroma presents a tint, deviating from 
the black so far as paying not so much attention, it is 
difficult to assume that the distinction of kinds by the 
n .-, t- V in.] tint" is impossible or the tint s e x c e e d i n a 1 y c o m e 
off from the : raging tints of purchasers. Accordingly, 
in t h e obiect oi the invention, Unts belonging t o z u ng o : • 
r , t j i, ,-. i.-. >- : , - \-, t- ^ r 30 a r o f h e c n r o rr. a ^ s in v ; s f i c n d a o o v < j cc u 1 d 
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exanrle, in case an insulator to be a substute is termed 
with a white alumina based cerairic and the glaze is finished 
nearly to be colorless transparent, the background of 
the marking will present a white. In such a case, n the 
5 tint of the markmq layer is mixed with components having 
colors far off from the black, it is ready for outstanding 
contrast with the white background. For instance, if the 
color of the background is white and the like, the 
brightness and the chroma of the marking layer may be 
10 sufficient with said range, but for heightening 
t it-,i ^ \ \ , ~ " n ■ r V " . it i d c: s i r a b 1 c that 

That the color of the bcCKground is white and the i ; kp 
denotes in the present description that the chroma is 

15 1 or lower and the brightness is 9 or higher. 

The olaze layer of the snail Pb amount is some time? 
.-r-.r.i ^ j r p d w i h ?. r. for securing fluidity wh""r. bakme the 
q 1. a 'i e - A s many of the coloring metallic c ompo nents in 
the marking layer are e^sy change eclors presentee 

20 by react i en wit. h f.n component , when tne g i a r, e 1 ay^; h-^ 
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as crazing easily occur. Zn component works to lower a 
softening point of the glaze, and if it runs short, the 
baking of the gl ar.e isdiff icult. On the other hand, being 
more than 25 moll, the gla:e layer is apt to be opaque 
owingtodevitrification. In the latter case, there arise 
problems that it is difficult to visually recognize the 
marking layer in the substrate, or the apparent tint of 
the marking layer becomes gray and easily comes off from 
the black. 

When the marking layer is colored with the black, 
i r is desirable to select one kind or rr .orf of F o , or, 

Among them, I-e and Mn can, even being singly used, 

show a tint near the black, and can be effectively used 
as a base of black group coloring metallic components. 
Fe and Mn rr.ay be used in single or in combination. 

t rr .) v i ; =• , n a one o f F e o r Mr. , t h e tint p r o b a b 1 y 
falls within a brown group (a red is mixed as a h u e ) , 
( ; : m a K e s the coloi irregular d e p e n a i n g on the gi a :: ^ 
• ^ [••,...•-.;: ; : : . * a j t. will b 1 - sometimes a i I t i c n i ^" o t ' e « i i - '■ " 
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the tint o 1 the marking layer f o b o obt a i n o d is c a s 1 1 y 
adjusted to be black. This effect is particularly large 
when combining Fe component andCr component - For example, 
when the tint of Fe component contains the red group 

5 component and the color comes out, since the Cr component 
trends to present a green group, it may be inferred from 
the viewpoint of phenomena that the latter serves as the 
blackening adjustment component and easily realize the 
black group colors. 

10 Cr component is easy to change the tint when using 

the ala~e composition nf a small Pb amount, and m 



component easily shows a tint containing a iea ot the 
brown group. Therefore, for suppressing the tint of the 
red group derived IromCr, it is preferable that the marking 
layer is composed such that Fe component is 30 to 60 mass% 
in t.er m s of F e ■ 0 - and Cr c o in p <_ n out i s 1 0 to 4 u m a s s t in 
t e r m s of C r j O 3 for realizing the s t a b 1 e a n d even b 1 a c k 

A sec^na s 1 1 u c t u r e -1 fin:: / y r- - V plug actcrd-q t :> 

.-.f tb: . i. s ul a t. :- and g i a e lay-.-r tn'-u-u t-hc marking 



Fb component 5 mo 1 - or less in terms of PbO and in I tc 
2 5 mol i in t e r m s o f Z n O , and 

the marking layer contains Fe component 30 to b 0 
:v.3ssl i n f e rms of Fc:0^ and Cr component 10 to 40 mass 5 , 
5 l ii t e rms of CrzOj. 

If Fe component is less than 3 0 mass%, it might be 
difficult to color the marking layer to be a deep black. 
On the other hand, being more than 60 mass*, a margin 
for containing the slackening adjustment component is 
10 made small/ and it is difficult to provide the constant 
a r ; d u n i f o r m b lack. In a case of 5 u bstituting M n for Fo, 

r. r i r. combi n a t ion wit h Ft, a t o t a 1 a mo unt is d e s i r a b Z y 
3 0 to 6 0 mass?.. If Cr component is less than 10 mas s % , 
15 an effect of Cr component- as the blackening adjustment 
is msul i icient, and it is difficult to provide the 
c o n s t .ant a n c. u n i f o r m b lack. Rei n q m o re t h an 4 C nassb 
the t i n t o 1 the whole marking layer deviates from t h e 

... 1 , + . ... t V, ■■ . it. . r L ")■.! 1 r,W^>- 1 =: f - r .-- d W * *- h f", r- 
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a blue i oup of the tint: f =a r - o f f from the red, and whe n 
using F c or Mn as the black group coloring metallic 
c orap onent, C o c omp oncnt usefully works as the blackening 
a d u s t m e n t component under a conditi on where the red group 
5 color is easy to mix. Being less than 1 0 ma s s % , the effect 
will be in sufficient, and the tint of the whole marking 
layer deviates from the black. 

When the red group hue is easily developed owing 
to a reaction of the Cr component and Zn component, if 
10 Co component is added to supplement blue group colors, 
i-hp tint of the w h o 1 <=> marking layer can be brought m o r 

C r c o m | > on e n t a n d t c c o mp onent are c o n t a i n e a i 0 t o i 0 ru ass > 
i r total. 

15 T 1 1 e marking layer can further contain Mi c o mp onent 

0.5 to It ulcisst" in terms of t T i.;0;-. Ni component also 
usetun v w o r k s as the blackening adjustment c o mp onent, 
and f o r example, w h e n Z n is cont a l n e d in the glaze layer, 



one of A 1 c o m p o :\ e n f a n a B a roir.ponont 0.5 t o 15 mas-. s i n 
total in terms oi A 1 Go or B a O . The? e c omp onents are 
eifective 101 accelerating colors of other coloring 
metallic components cont-jinod in the marking layer. But 

5 being less than 0 . 5 mass% , the effect will be insufficient, 
and being more than It massi, an effect more than that 
cannot be expected, and the whole amount of the coloring 
metallic components relatively decrease, so that it v7ill 
be difficult to color the marking layer in an enough 

10 darkness. 

Incidentally, aiming at the coloring adjustment, 

stabilisation of colors other than the a 1 ..> v v mtr.ti o n o d 
e 1 1 e c t s , the marking la y e r c an contain one kind or more 

15 ol V, Sri, Zn, Ti, Zr, Na, Kg, Si, K, and Ca within the 
range of b w t % i n f e r m s o f V -■ O : j - , 5nOn Z n 0 , T 1 O: , Z r O ;■ , 
Ma'- O , M a C 1 , S 1O0 K ? O a n d C^<\ respectively- 

T n 1 c k n e s s o f t h e m a r k 1 n g 1 a y e r is p referabiy 1 to 
It urn . ht'iiij i o- s s f I; a n urn , t h e c o i •:■ r 01 t hi o s a o s t : f ^ j 

tO e a s 1 i y a p pears, and t... )\t-- 1 int of :. h c- ma r k m u : a V o 1 s o m - s 
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Fid. j is a whole front and cross sectional view 
showinq one example of the spark plug according to the 
invent i on . 

Fig. 2 is a front view showing an external appearance 
5 of in insulator together with the glace layer. 

F i q . 3 is an explanatory view of a forming process 
of the printed layer. 

Fig. 4 is an explanatory view of a forming process 
of the coated layer of the glace slurry. 
10 Fig. o is an explanatory view of the glass sealing 

process . 



The reference numerals used in the drawings are show n 
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1: Metal shell 
2 : T n s i : 1 f o r 
2 d : Glace ] a y e r 

7. in : M d r k i n q layer 
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s t ructure according to the i n v entio n . T i 1 e sparkplug 1 0 0 
has a cylindrical metal shell 1 , an insulator 2 fitted 
in the inside of themetal shell 1 with its tip 21 piojecLing 
from the front end of the metal shell 1 , a center electrode 
5 3 disposed inside the insulator 2 with its ignition part 
3 1 formed at the tip thereof, and a ground electrode A 
with its one end welded to the metal shell 1 and the other- 
end bent inward such that a side ot this end may face 
tho tip of the center electrode 3. The ground electrode 
10 4 has an ignition part 32 which faces the ignition part 
3 1 tomake a spark gape between the facing ignition parts. 

~ • ~ r * ; • f r o " ■ ' > r f t ■ r r n ^ h l - ' : y 1 j. :'j ?.' .i c a ] t 
s u c h as a low carbon steel . I L h ^ s a thread 7 therearcuna 
for screwing the spark plug 100 into an engine bloc k (not 
15 shown). S ymb o 1 1 e is a hexagonal nut portion over which 
a tool such a s a spanner or wrench tits to fasten the 
metal snel : 1 - 

The insulator 2 has a throu g h - h o 1 e t p e n e f r a t i n g 
i n r h o o'-'^j di r;rb .;. r; a t e r m ^ I i r x f u r <: 13 is f i x d 
2d ; n <"> p. o o r. a o t the t h rough h , . 1 • « , a n d t k e •.; e r . t e r e 1 e c f r < < -1 ■ ■■ 
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glass sorfi layers 16 and 17, respectively. The resistor 
15 and the conductive glass seal layers 1 * , 17 constitute 
the conductive sintered body. The resistor 15 is termed 
by heating and pressing amixed powder of the glass powder 
5 and the conductive material powder (and, if desired, 
cor ami c powder other than the glass) in a later mentioned 
glass sealing step. The resistor 15 may be omitted, and 
the terminal metal fixture 13 and the center electrode 
3 nay be directly connected via one seal layer of the 
TO conductive glass seal. 

The insulator 2 has the through-hole 6 in its axial 

as a whole with an insulating material as follows. T h a t 
is, the insulating material is mainly composed of an 
15 a iumma ceramic sintered body having an Al content of 
o b to 9 8 m a s s % (preferably 9 0 to 9 8 m a s s % ) in terms of 



The specific components other than A 1 are 
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Fia . 2 shows the insulator 2 only. The insulator 
2 has a projection 2e projecting outwardly, e.g., 
flange-like? on its periphery at the middle part in the 
axial direction, a rear portion 2b whose outer diameter 
5 is smaller than the projecting portion 2e, a first front 
portion 2 g in front, of the projecting portion 2 e f whose 
outer diameter is smaller than the projecting portion 
2e, and a second front portion 2i in front of the first 
front portion 2g, whose outer diameter is smaller than 
10 the first front portion 2g. The rear end part of the rear 
portion sb has its periphery corrugated to form 

cylindrical, while the second tront poruon 2 1 is lapci e d 
toward the tip 21. 

15 Turning back to Fig. 1, the center electrode 3 has 

a smaller diameter than that of the resistor 15. T h o 
fh : <ou gh- he 1 e £ of the ^nsu^ator 2 ;s divided in*~o ^ first 
p o r 1 1 n 6 a (front portion) having a circular cross section 
in which the center electrode i is fitted ana a secon d 

.:( • l < : ; i ■" : n 6 b (rear : or t-ion) h ~i v : :. : <- cir c u 1 a r crc^s : e c t i ' ! ."• 

c i i -n- : :■■ i :. r- ' n t h i. 
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its periphery near the rear end thereof, with which it 
is fixed to the electrode. A first portion 6a and d second 
portion Ch of the through- hole 6 are con nee ted each other 
in the first front portion 2c, and at the connecting part, 
5 a projection receiving face 6c is tapered or rounded for 
receiving the projection 3c for fixing the center 
electrode 3. 

The first front portion 2g and the second front 
portion 2i of the insulator 2 connect at a connecting 
10 part 2h, where a level difference is formed on the outer 
surface of th- insulator 2. The metal shell 1 has a 

the c o n n e c t 1 n g part 2 h so t h a f t h c c o n n e c t i n g p a r t 3 h 
fits the projection ic via a gasket ring 6 3 thereby to 
15 prevent slipping in the axial direction. A gasket ring 
6 2 is disposed between the inner wall of the metal shell 
1 and the outer side of the insulator 2 at the roar of 
the flange - like projecting portion 2 e , and a gasket; r i n g 



p r o video in the i * a r of the gasket ling c 1 . T h t • 
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As shown m Fig. 2, the qla:e layer 2d ii forme a 
on the outer surface of the insulator 2 , mo re specifically/ 
on the outer peripheral surface of the rear portion 2b 
5 inclusive of the corrugated part 2c. As shown in Fig. 

1 , the glaze layer 2d formed on the rear portion 2b extends 
in the front direction farther from the rear end of the 
metal shell 1 to a predetermined length, while the rear 
side extends till the rear end edge of the rear portion 

10 2b. 

The giuse iayei 2d contains, for example, 2n 1 to 

of PbO, e.g., 1 no 1 ^ . On the other hand, the insulator 

2 of the main body pa it 2 b is formed on the surface with 
15 the marking layer 2m, which is covered with the glace 

layer 2d so chat the marking layer 2m can boon seen through 
the- <]1 o:c layer 2d. The marking layer 2m is composed of 
a in a in oxide of the metallic c o mp o n e n t being c a t ion a s 
explained in the Summary of the Invention. The kind:, aal 
2 0 a r . „ \] ats o f f n e t. *~ ■.>. '. I i. c o i e m e s t components c o n t j _ n e d in 

' : :• * r f - h ■ ■ r.o'- ; ::u ; i y - * . ' in s e e t h r a a ci h t_ 1 1 - a 1 a . - ; a y ^ ? 
_:S :»t • : t • a • •< ••• 1. 3 : 2 <m 1 s n t h * > : : : > rr « 




Specifically, the components of Fe, Mn, Cr, Co, Al or 
Ra are contained in the above mentioned composition range, 
and the thickness is around 1 to 10 pm. 

The glane layer 2d may employ such substances which 

5 contain 35 to 80 mol% a first component comprising Si 
component of 5 to 6 0 mol% in terms of S1O2 and B component 
of 3 to 50 mol% and a second component comprising at least 
any one of Zn in terms of ZnO and alkaline earth metal 
component P ( R is one or two kinds or more selected from 

10 Ca, Sr and Ba) in terms of RO, and the total amount of 
the iirst component ana the second component is to 

kinds or more of N a m terms of N a 2 0 , K 1 n terms o f K ? O 
and Li in terms of L 1 2 o 2 to 15 mo 1 % in total. A thickness 

15 of the glaze layer 2d is, e.g., 1 to 150 urn, desirably 
10 to 5 0 pm . In particular, the thickness t g (average 
value) f the glaze layer 2d or the outer c i 1 c urn 1 e r e n c e 
of the b a s e of the rear portion 2 b (the cylindrical and 
non - corrugated outer c 1 r <: u m 1 e r e n c e part 2 c projecting 

20 do'/iiW U :d trora the metal shell 1) is ? t- o ::0 p::- . 



glaze splashing are easy to occur in the graze layer 2d. 
The softening point of the glaze goes up exceedingly, 
resulting in lowering of the fluidity when baking the 
glaze to invite poor melting of the glaze. For settling 

5 this problem, if heightening temperature of baking the 
glaze, reaction between the glaze layer 2d and the marking 
layer 2m is intensive, and it might be difficult to make 
the marking layer 2m the desired black. 

The amount of B component is determined to be 3 to 

10 SO mol?- in terms of B-:Oj. Being less than 3 molt the 
sol tuning point of 1 1 1 e glaze goes up, ana the graze baking 



ri heightening temperature of baking the glaze, the 
reaction between the glaze layer 2d and the marking layer 
2m. is intensive, and it might be difficult to make the 
marking layer 2m the desired black. 

Qn t h ^ ; >t he r h and, b e i n a mo re t h a n f 0 m o 1 * , stability 
o i a g 1 a z e slurry for forming the glaze layer 2d is 
insufficient, and there occur. problems such as 
d e v i \ r i f r c r.\. i > of "he q 1 a z e 1 a y e i 2 d , r e d a c f r c n > : 




increase g and the glaze baking at desired temperature 
might bp impossible. The insularity of the glaze layer 
2d will be insufficient, and anti flashover property is 
probably spoiled. If the total amount of the second 
5 component; exceeds 6 0 mol%, the softening point of the 
qjaze increase.- and the glaze baking at desired 
temperature might be impossible. Further, coefficient 
of linear expansion of the glare is too large, and 
consequently defects such as crazing easily occur. As 
10 to the total amount of the first and second components, 
if exceeding 93 molt, the softening point of the glaze 

than 6 0 molt, compatibility between the insularity and 
the softening point as well as the adjustment of linear 
15 expansion coefficient is difficult. The totdl amount is 
desirably 10 to 95 mol%. Alkaline metal component in the 
a 1 .i z e w o r k s t. o lower the softening p o i n t of t h e g i a z e . 
f Mi n mount: thereof is less than 2 r.o 1 r , the softening 

i be .impossible, 
y or tne glaze i s 

n n t is d ^ > i r a b 1 y 

w- k i i. ds s* J ~< t«-d 
y 1 yj i i-.uii; : « d 1 inn 
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reduction of the insularity of the glaze layer 2d than 
one kind is added in single. As a result, the amount oi 
a 1 k a 1 i ne met- a 1 component can be increased without so much 
deterioration in the insularity, and consequently it is 
ft possible to concurrently accomplish the two objects of 
securing the a n t i - f ] a she ve r property and lower the glaze 
baking temperature . By the way, i t i s po s s ib 1 e t o compound 
other alkaline metal components than a third component 
and subsequent components in ranges of not spoiling the 
10 effect of controlling conductivity by co-addition of 
alkaline metal c ump o n t: n L . 

; S O ~ !.'. ^ : 7~' " ! r ~ ~ • ;• ! '. h • • I' { • •• ' • ** • • ■ O :T ■ i - ■ i i <■ ! , ' ■- 

in the marking layer 2 m and the glaze la y e r 2 d f o r r. e d 
on the insulator 2 can be identiUed by use of known 

15 micro-anal y-ing methods such as E PK A (electronic probe 
micro-analysis! or X P S ( X -ray photoelccLr o n 

rp-rt.rrsropyi . For example, if using EPKA, eitner of a 
w avrh-ngt h dispersion s y s t o m and an energy disper s l o n 
s y s r o m i s sufficient for measuring character i s t i c >' l a y . 

?a~) ft. r ",h(!r, there is a m e t h c d where t n e g 1 a z e ~ a y e i .1 s p o e 1 o o 



between the glaze layer 2d and the marking layer 2m easily 
progresses, and the marking layer 2m runs or discolors . 
With respect to the softeninq point of the glaze, tor 
example, a differential thermal analysis is carried out 
5 while peeling the glaze layer 2d from the insulator 2 
and heating it, and a temperature ot a peak (a second 
en do thermic peak) appearing next to a first endothermic 
peak showing a bowing point is determined to be the 
soltenmg point. Further, as to the softening point of 
10 the glaze layer 2d formed in the surface of the insulator 
2 ( t h e am o unt s o 1" the respecti v e c c mp o n e n f s in the gla: o- 

compositions in terms of oxides, and o x l d e raw ni j ten a i s 
of respective oxidized element c o m p o n e n t s comp c unded, 
15 melted/ and rapidly cooled to produce glass samples, and 
w i t h the softening point c* f the glass s a mp 1 e , the sottenmg 
n ■.: i n t o f f h e f o rn^n a 1 a ~ e la y <~ r 2d nay' be assumed . 

I 1 he ground dec t rode 4 and the c o r e 3 a of the center 
e i e c L i <j d e a i e /:. ado o I a N 1 a 1 i o y . 1 g n i tl o n p d r o s J i , ~ 
20 :-a^ niy in a d * ' - f n o b i e m e t a 1 olio y s o - o n e c > L w v kin d :-: 
. ; r :-;,-;> «. : 1 i ., I ' i .ip" f* h I, t ■ ij.j m i ; ^ i I . ~ : r V - j ■_ h 

■i s w o ! d i :i 'i . "1 2 1 ' ' ( "' r ''■ - 1 o " 1 h » ' c r. 1 ^ i < - s i • . : . •- : "i i s i d e 
■v . : ! : j -■■ r <- Vr t ~ ■. -Uit" ' . ' ' « o < ■ f i ' u r ." u d i ■ y f «j .. . > ■ n ■ * . i : i i 
h- : d : : ;.:p^d - ' r. . A! ! e a St r. e -.1 1 h - 1 m I . ! t i ■ u p.-: I i ". 
2:» it-- unuu.'-.i f " i iti^i ) r >n n^r i /- J ni-i v be uiniLUio. 



The spark pluq 100 can be produced as follows. In 
preparing the insulator 2, an alumina powder is mixed 
with rawmaterial powders of a Si component , Ca component, 
Mq component, B a c o mp onent, and B component in such a 
5 mixing ratio as to give the aforementioned composition 
after smtermq, and the mixed powder is mixed with a 
prescribed amount of a binder (e.g., PVA) and a water 
to prepare a slurry. The raw material powders include, 
for example/ SiO- powder as the Si component; CaCQ-j powder 
10 as the Ca component, KgO powder as the Mg component, BaCO j . 
a s t h e B a c omp o n e n t , a n d H P O 3 a s t_ o t h c. R c ompcnc n t . H :-. BO: 
m-.iy • •• : ; . .i, i . . ■■- ' o v r,. ■ . \ ,± s ^ i u L i o n . 

A slurry 15 spray- dried into granules for forming 
a base, and the base forming granules <± r e rubbe 1 -p r e s s e d 
15 into a pressed body a prototype of the insulator. The 
formed body is processed on an outer side by grinding 
r o the c o n t o u r o f the in s u later 2 shown in big. 2 , and 
then baked 1400 to 1 f 0 0 n c to obtain the insulator 2. 

Ao s 0 e n in 2 1 g - , o n a n o u t e r periphery o t t li e ma 1 n 
2 < I 0 o o y b o 1 t h e 1 n s ■ ; * •"- " •" \ 2 , a p:i n t od layer . r:. ' is tunn e : i 

• ; m b r • ■;;>■*<- :- a r a ^ 1 1 ji.d e t jj a k r a w r r r : d i < - i • • x j d t •- wd»* : 

r 4 ; ; 1 mil • " ■■ ■ i ■ r ' r ; g r. - I 1 _ 1 < ' • > m p 1 n e rt s u <..... r : ^ ;.. a l : ■ ; .11 ^ : • ! 

2 5 -1 v 1 s. -os i I v ^ d '1 11 s t i no o -..-n t. . 'i' h i ;s ink 1 s us-.-d 1.0 p; 1 : j t 



desired patterns on the surface of the insulator 2 prior 
to forming the glaze layer 2d _ Avoi age diameter of the- 
raw material oxide powder is preferable, for example, 
0.3 to 2.0 piri . Being 1 e s if than 0.3 p m , the pigment 
5 component to the glaze layer is apt to disperse to cause 
the color to run. Being more than 2 pm , the vis c o s i f y 
of the ink is too high, and the coated thickness of the 
printed layer 2m becomes irregular. 

Next, the glaze slurry is prepared as follows. Raw 
10 material powders as sources of Si, B, Zn, Ba, and alkaline 
com.p ononis ( N a , Y- , hi) ( f ^ r example, SiO: powder for t h 

tor the In component, B a C 0 < powder for the Ba component, 
Na:C0i powder for the Na component, K?CO* powder for the 

15 K component, and L i C 0 ? powder for the Li c c mp onent) are 
mixed for obtaining a predetermined composition. The 
mixed powder i £ h e a t e o and. melted 1 000 to 15 0 0 n C , and 
thrown into the water to rapidly cool for v 1 1 r i f i c a f i o n , 
f •. • i J wed by gi i » i d r : i o t o d l t p a l - a a 1 a . f i i t r. T h e o 1 1 : - 

CO : r i :;. z is m i x e d ■ j ■ t h ap p r' ■:■ p i i a t e ,i mo u : . t : of clay nr.eri, , 

' ):■■ a t e : is a d d e d rb- - 1 ;. a f r o : r < _ t h o g 1 a :■*. e ;li:rr v . 

As s h wr . : i: r 1 ■ ! . i , U n a ^ a . ^ ' "• " r ', ~. v - ■ ; i : y o i 
* r ... m a n-: 7 ;: 1 o N to c-aaf a r egu"j s i t* rut ] a e.--< of t t o i n--u 1 1 - r 
fa .: , Li. - r e 1 y t o !. o i m a c < .» a t o <:: i a y - x .'. a ' . . ! t h g ; a ^ :: i u i r y 



as the piled layer of the glaze powder. The previously 
formed printed layer 2 m is covered with a coated layer 
2d 1 of the glaze slurry. 

The center electrode 3 a nd the t e r m inal metal, f i x t u r o 
13 are fitted in the insulator 2 formed with the glaze 
slurry coated layer 2d' as well as the resistor lb and 
the electrically conductive glass seal layers 16, 17 are 
formed as follows. As shown in Fig. 5A, the center 
electrode 3 is inserted into the first portion 6a of the 
through-hole 6. A conductive glass powder H is filled 
a s s h o w n in F 1 q b B . Tho p o w d c r H i c , a r. s h o wn in Fig. 

into the through-hole C to term a first ■:: o n d u c t - v e q 1 a s s 
powder layer 26. A raw material po w oer for a r e s i s t o r 
composition is filled and preliminary compressed in the 
s a me manner, so that, as shown i n Fig. 5 D , the firs t 
c o n d u etive a 1 a s s p o w d e r 2 6 , t hi e r c- s i s t o r c o m p e s i t i o n 
rowder layer 2 b and a second conductive glass powd>- r la y p r 
2 V are laminated i i <->m the center e 1 e c t r c- c a J > i - ---a •'• s i a - ; 
i. n t o t h e t h r o u q h h o 1 e . 

A : . P. r ~ ir.'r- i od t : u C t U 1 <- t- A ; :-. : v i i w!: - : r - • • • 

t- , - r - r i, ". m e t. t 1 f i >' r u t e ' it d ■ :\ o : s d 1 r '.on I h • ■ 1 1 p p ( - i r a t t 
_:P o. ' n rh on f r--io- 1 5. :i. Fig. o>A . . h >j a s < -nd ■ 1 ■ ■ - 1 

■ ; * j " t 1 r : ' A : '." f ■ ' J . t 1 f ' A ' . 0* o L. 1 U u ' V ,1 ; j I . d t .< '1 O * 

rl p r j|j t > TTi i T 1 1.' 1 j t. . -;up*- r a V u l »_■ ol h u ,j 'iJ'O'V o<_ i:iq .it • • ! 
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the glass softening point/ and then the terminal metal 
fixture 13 i s pressed into the through - hole 6 f i o m d side 
opposite to the center electrode 3 so as to press the 
superposed layers 25 to 2 7 in the axial direction . Thereby, 
f> as seen in Fig. 6 B , the layers are each compressed and 
sintered to become a conductive glass seal layer 16, a 
resistor 15, and a conductive glass seal layer 17 (the 
above is the glass sealing step). 

II the softening point of the glaze frit contained 
10 m the glaze slurry coated layer 2d' is set to be 600 
to 7 0 0 ° 7 , t h e 1 a y o r 2d 1 a an bo b a >: e d , at t h e same time 

glaze layer 2d. Sin c e the heati n g tern p o r a t u r o of t .. h e g 1 as s 
sealing step is s e 1 e c t e d from the re 1 a five 1 y 1 o w 
15 temperature of 800 to 9 b 0 ° C , oxidation to surfaces of 
the center electrode 3 and the terminal metal fixture 
12 can b <=■ made less. Accompanied with the a 1 z e baking 
of the g 1 a z ^ .slurry coated layer 2 d ' , the printed layer 

20 1 «i y » : r 2 in . The solvent or t he organic comp^ucn t in t ho 

i ' •-. '. d 1 ■ i y ■ ■■ r 2 d ' i ;-» m v 1 i ♦ i 1 oq * - r h : w r \ h * a ■-■ u " z t * i » , i K i j j • j 
. : r'; o h ! it': j ■ > , < ■ i r - : i r. s r.' -j i -j n *.. a n o v i t ; > ■ u ■, ' o .i a . . a \ ■■: ■. j . < 

Zf> a ■ ^ : j f trough th«-- qJu;:c 1 a y - i - I: .id justing L a 



composition of the marking layer 2 rn as mentioned above, 
the reaction taking place in relation with the glaze layer 
2d of the low Pb amount and relatively high Z n component 
is r e s t r a i n e d , and the external appearance of the m a r k i n g 

5 layer 2m can be stably recognized as the black. 

After the glass sealing step, the metal shell 1, 
the ground electrode 4 and others are fitted on the 
structure PA to c omp lete spark plug 100 shown in Fig. 
1. The spark plug 100 is screwed into an engine block 

10 using the thread 7 thereof and used as a spark source 
to ignite an air/fuel mixture supplied to a -ombust:on 

F o r c o n f i r m a t x o n o 1 the tecLs a c c o r d i n g t o t h o 
indent : on, the following experiments were carried out. 
15 (Exper iment 1 ) 

The insulator 2 was made as follows . Alumina powder 
( n I u m i n a c o n t e n t: : 9 5 mass % ; N a content ; a s i-J a Cm : 0.1 
ma s s m average particle sire: 3.0 urn ) was mixed at a 
p l e UO t e r it- i n e a it. t x i n y I a t i o w i L j -• - . '. p a - - - y - - 4 - H - - 1 - - 
20 . 3 • • • : o ;i r 1 . i c * • sine: 1.0 S r , , 0 a O O ; p u r l t . y : • 1 * • 
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mixed powder were added 3 mass parts of PVA as a hydro philic 
binder and 103 mass parrs of water, and the mixture was 
kneaded to prepare a slurry. 

The resulting slurry was spray -dried into spherical 
5 granules, which were sieved to obtain fraction of SO to 
1 0 0 \im . T h e granules were formed under a pressure of 50 
MPd by a rubber-pressing method. The outer surface of 
the formed body was machined with the grinder into a 
predetermined figure and baked at 15S0°C to obtain the 
10 insulator 2 . The X-ray fluorescence analysis revealed 

u. _ 4- - t r - • i T ~, t ^ v- t \ ■ fL. f r, 1 1 \-i "i r, , i .- - ,- , rr r . , . c: \ 1 \ r, 

" lid L I litj ijiouj-dLLi i_ i j. a i * C i. j- — w v> ^ i j. - j „ ■ * „ ■ v. . ^ ^ . ^ — ^ . 

Si component (as S i 0 2 ) : 2.4 mass*; 

C a component (as C a 0 ) : 1-9 mass £ ; 

15 Mg component (as MgO) : 0 . 1 mass^ ; 

Ba component (as BaO ) : 0.4 mass':; and 

B c o :!. ; oncnl fas P - f; -■ : u . s mass' . 

N e x t , t h o u 1 a z e slurr y w ?js prepared as fellows. o i 0 : 

po wde i { p in J t v : y 9 . r> tU , Ai re; powcier ; pur i t y : 9 9 . b * ) , h -13 C - 





M g O powder (purity: 



99.5%) , and 



P b 0 powder (puri 1" y : 



99% ) were mixed . 



The mixture 



melted 10 0 0 to 1500°C, and the melt was poured into the 
w a r o r and rapidly cooled for vitrification, followed by 

5 grinding in an alumina pot mill to powder of 50 urn or 
smaller to produce the glaze frit. 3 mass parts of New 
Zealand kaolin as clay mineral and 2 mass parts of PVA 
as an organic binder were mixed into 10 0 mas s parts of 
the glaze frit, and the mixture was kneaded with 100 mass 

10 parts of the water to prepare two kinds of the glaze slurry. 
T h e c 1 a. z e s a mp les solidified in mass were used t; r> * n a 1 y r r- 

r e s uits are a $. folio w s . 
( T h e g 1 a r e c ompos". tion 1 ) 
15 SiO: : 2 8.5 mol £ 



8 ;■ 0 > : 



15.8 



n o 1 



B a O : 



1 



10 



TiO: : 0.7 moll 
C a 0 : 3.3. m o 1 % 
(The glaze co mp osition 
S i O ■: : 2 9.5 mo 1 ^ 
B:Q3 : 30.1 mo 1 % 
ZnO: 13 mol " 
BaO: 3 mol% 
SrO : 2 . 2 mol % 
Na:0 : 1.4 mo 1 % 
K: 0 : b . 1 rao 1 % 
L i :-o : 3 . 0 mo 1 3 



Hoc - : 0.3 mo I 3 
ZrCz : 1.2 mo 1 ?• 
1 5 MgO : 3.3 mo 1 % 

PbO : 6.3 mol % 

The ink s of respecu v e kinds of the 
for fuimi i j g t h e m a rki na la y e r wer e prepare; 



c omp o 



s i 1 1 o 
olio w 



, »■ .-1 



i b ..i 



[;. i ; i . 'i 
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1 1 h 



Ul-' ! 
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The abovi? mentioned ink was used to form the printed 
layer 2m' of thickness being 2 pm on the surface of the 
insulator 2. After drying, the glar.e slurry (the glaze 
composition 1) was sprayed on the insulator 2 from the 

5 spray nozzle as illustrated in Fig. 4 , and dried to form 
the coated layer 2d* of the glaze slurry having a coated 
thickness of about 100 pm. Several kinds of the spark 
plug 100 shown in Fig. 1 were produced by using the 
insulator 2. The outer diameter of the thread V was 14 

10 mrr_ The resistor 15 was made of the mixed powder 
c o r. s i s t i n c of D:03-SiO:-EaO-Li 0 l glassy powder, Z r o - 

A 1 p o w den. X h c e.iecLriCdl:y conductive glass seal layers 
16, 17 were r a d. e of the mixed powder consisting of 
15 B:0j- S iGi-NaiO glassy powder, Cu powder, Fe powder, and 
F e - B powder. The heating tempcrat u r e f o r the glass 
s e a 1 \ n a , i.e., the a i a :* e b a king f e r p eiaturo w as set a t 



the qlaze layer 2d formed on the surface of the insulator 
?. were measured by EFMA. In addition, by the EFMA analysis 
in the cross sections, the compositions ot the mar king 
layer were analysed. The above results are shown in Table 
1 (the composition is shown in terms of oxide) . 
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Although the glaze layer hardly contains Pb 
component and the amount of Zn component is relatively 
hiqh, -i f the compositions of the marking layer is adjusted, 
it 13 seen that the tints of the black group of the 

5 brightness and chroma being both 3 or lower are stably 
realised. In regard to the ink No . 3 having the marking 
layer in reddish brown, the same experiment was performed 
with the glaze slurry of the glaze composition 2 containing 
pb, the results were brightness of 3 and chroma of 2 and 

10 the black was presented without problem. 

I 1 he entire disclosure of e a r h =j n n e v ery foreign 

priority has been c 1 a l m d in th e pi e s e n t a p p 1 i c a t i o n j s 
incorporated herein by reference, as if f u 1 J y set forth 
15 herein. 
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